a commercial glucoamylase (GA-L New from Genencor) could be used for the 79 hydrolysis of Jerusalem artichoke tubers. However, the optimum pH of glucoamylase 80 for inulin hydrolysis is 4.0, and the stability of this enzyme decreased significantly 81 when the pH was increased to 5.6 (19). These characteristics make GA-L New 82 unsuitable for simultaneous saccharification and fermentation (SSF) of 2,3-BD, 83 because the pH range for optimal 2,3-BD production is generally between 5.5-7.0 (3). 84 Therefore, identification of an appropriate inulinase or levanase is a key step for 85 industrial-scale production of 2,3-BD from inulin. 86 Most of the reported inulinases and levanases have optimum temperatures in the 87 range of 45°C-55°C (13). However, many microbes, including K. pneumoniae, K. 88 oxytoca, S. marcescens, and Paenibacillus polymyxa, have the ability to produce 89 2,3-BD at 28°C-37°C (1). Utilization of these mesophilic strains for SSF of inulin to 90 2,3-BD may increase the dosage of inulinase or levanase; therefore, the SSF process 91 with a thermophilic 2,3-BD-producer may use lower dosage of the enzyme. In our 92 previous study, we used a thermophilic bacterium B. licheniformis 10-1-A for 2,3-BD 93 production at an optimum temperature of 50°C (7); thus thermophilic B. licheniformis 94 might be suitable for SSF of inulin to 2,3-BD under the 50°C fermentative conditions. 95 In this study, an another thermophilic B. licheniformis strain ATCC14580 was used to as follows: a loop of cells from a fully grown slant was inoculated into 100 mL of the 125 above-described medium in 500-mL Erlenmeyer flasks and incubated at 50°C for 12 h 126 with agitation. Then, the seed culture was inoculated into Erlenmeyer flasks or 127 bioreactors (5% of the total volume) for 2,3-BD production. Fermentations were performed in 500-mL Erlenmeyer flasks containing 100 mL of 133 medium with shaking at 180 rpm on a rotary shaker at 50°C for 10 h.
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The optimal fermentation temperature of strain ATCC14580 was tested using affected by temperature and the optimal temperature for 2,3-BD production was 37°C 244 (22). However, our previous study indicated that the optimal fermentation temperature 245 for 2,3-BD production by strain 10-1-A is 50°C (7). Thus, in the current study, the 246 effect of temperature on 2,3-BD production by strain ATCC14580 was also studied. 
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Optimum activity of the purified levanase was observed at 60°C (Fig. 3C ). At 285 temperatures below 50°C, the levanase showed good thermostability, and the enzyme 286 retained 89% of its original activity after incubation for more than 1 h at 55°C and pH 287 6.5 (Fig. 3D) . After incubation at temperatures above 65°C for 1 h, the enzyme was 288 completely inactivated.
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Fermentation of inulin to 2,3-BD by SHF and SSF. As SSF can circumvent the 290 inhibitory effect of high sugar concentration on cell growth, it usually leads to higher 291 productivity and a higher target product concentration than SHF (14). In this study, we 292 also compared 2,3-BD production from inulin by SSF with SHF. An enzyme dosage 293 of 30.0 U/g inulin was chosen to obtain a favorable concentration of reducing sugars 294 in SSF (Fig. S3 ). As shown in Fig. 4A , in SSF, the released reducing sugars were 295 metabolized to 2,3-BD, and almost no reducing sugars were observed in the medium 296 after 12 h. Conversely, in SHF there was greater than 10 g/L reducing sugars after 12 297 h. Although the concentrations of 2,3-BD produced in SHF and SSF were nearly the same, the 2,3-BD productivity in SSF was 1.2 times that in SHF, and the biomass in 299 SSF was also higher than that in SHF (Fig. 4A) . The initial reducing sugar 300 concentration in SHF was higher than that in SSF, and the higher sugar concentration 301 might limit cell growth and 2,3-BD productivity in SHF. Thus, compared to SHF, SSF 302 is more suitable for 2,3-BD production from inulin by strain ATCC14580. (Table 1) . Thus, it might be a promising thermophilic strain for the production of 
